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SLIP CONTROL METHOD FOR A CLUTCH 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This is a continuation of International Patent Application No. PCT/DE02/02913, filed 
August 8, 2002 and claiming the benefit of German Patent Application No. 101 40 127.2. Both 
applications are hereby incorporated by reference herein. 

BACKGROUND INFORMATION 

[0002] The present invention relates to a slip control method for a clutch which is situated 
between the engine and the transmission of a motor vehicle and is regulated via a differential 
speed between the clutch input speed and the clutch output speed. 

[0003] The clutch has a positioning drive which allows the clutch to be adjusted into a position 
defined by a position setpoint signal For this purpose, the clutch input speed and the clutch 
output speed are detected via rotational speed sensors, and a position setpoint signal is generated 
as a function of the difference between these rotational speeds (slip speed) in such a way that the 
slip is equal to a predefined setpoint slip. 

[0004] Control methods of this type and devices for carrying out such methods are known 
from the related art. Thus, German Patent Application No. 42 41 995 Al, related to U.S. Patent 
No. 5,403,250 which is hereby incorporated by reference herein, discloses a method and a device 
for adjusting the clutch slip of a propulsion engine of a motor vehicle in the downstream friction 
clutch as viewed in the direction of the force flux. A control variable formed from a 
characteristics map for the setpoint value of the clutch slip as a function of the operating point of 
the propulsion engine is made to act directly on the clutch actuator which makes it possible to 
adjust the clutch slip. 



[0005] EP 0 494 608 Bl, related to U.S. Patent No. 5,322,150 which is hereby incorporated by 
reference herein, also discloses a system and a method for regulating the slip of an automated 
friction clutch situated between the engine and the transmission of a motor vehicle. The system 
includes a positioning drive which adjusts the clutch, as a function of the position setpoint signal, 
into a position defined by the position setpoint signal. The system also includes sensors for the 
clutch input speed and the clutch output speed, and a slip control device which generates the 
position setpoint signal as a function of the instantaneous difference of the rotational speeds 
detected, in such a way that the instantaneous difference between the rotational speeds is equal to 
a predefined setpoint speed difference. This system is further characterized by the fact that the 
slip regulating device is associated with a clutch characteristics curve memory which stores a 
position setpoint signal in the form of a characteristics curve as a function of data which 
represents the torque transmitted by the clutch in its setpoint position. The clutch characteristics 
curve memory generates the position setpoint signal corresponding to the value of the 
instantaneous engine torque detected by a torque detection device. The slip regulating device 
superimposes this position setpoint signal of the clutch characteristics curve memory on a 
regulating component generated by its regulator to generate the position setpoint signal. Using 
this method and this device, it is possible to maintain the clutch slip with a high quality of 
control. 

[0006] Furthermore, DE 36 24 755 Al, related to British Patent Application No. 2197049 
which is hereby incorporated by reference herein, describes a method for reducing torsional 
vibrations in the power train of a motor vehicle and for diminishing the noise caused thereby. 
The friction clutch situated between the engine and the transmission is controlled by a slip 
regulating circuit whose setpoint value generator controls the slip as a function of the structure- 
borne noise level. The maximum value of the slip is limited as a function of the engine speed, 
the maximum value decreasing to zero with increasing engine speed. 

[0007] To isolate the power train of a vehicle from engine vibrations in vehicles having an 
automated clutch, in certain rotational speed ranges the clutch is operated at a low slip, as 
described previously. The isolation thus achieved considerably increases the ride comfort. 
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However, the differential speed at the clutch must be adjusted relatively accurately for this 
purpose. An excessive slip results in increased power input and wear; excessively low slip may 
result in seizing of the clutch and thus in reduced ride comfort. Such a slip regulation generally 
assumes automated clutch actuation. According to the above-cited related art, such a slip 
regulation is implemented by modulating the clutch torque to be transmitted, i.e., via a control 
variable which acts upon the positioning drive of the clutch, opening or closing it to varying 
degrees. However, when such an intervention via a control variable takes place, the output 
torque of the clutch, i.e., the drive torque acting upon the vehicle, is modulated, which may feel 
unpleasant to the driver and diminishes the ride comfort. 

BRIEF SUMMARY OF THE INVENTION 

[0008] In contrast, an object of the present invention is to improve a method of the type named 
in the preamble in such a way that a slip speed at constant clutch torque or at a transmissible 
clutch torque changing with a constant gradient is adjustable as the control variable without the 
drive torque thus modified being noticeable to the driver. 

[0009] The present invention provides a method of the type named in the preamble in such a 
way that, instead of or in addition to the modulated clutch torque transmissible by the clutch via 
the differential speed as the control variable for the clutch, an engine torque is used as the control 
variable for the clutch. 

[0010] In this method for automatic regulation of the slip of an automated friction clutch 
situated between the engine and the transmission of a motor vehicle, which has a positioning 
drive for adjusting the clutch into a position defined by a position setpoint signal, the clutch input 
speed and the clutch output speed are detected by rotational speed sensors and a position setpoint 
signal is generated as a function of the difference between these rotational speeds (slip speed) in 
such a way that the slip is equal to a predefined setpoint slip. The engine has a controllable 
adjusting device for the torque which is generated, for adjusting or controlling the engine in such 
a way that the torque generated corresponds to a predefinable torque setpoint value. In addition 
to the position setpoint signal or instead of the position setpoint signal, a torque setpoint signal 
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dependent on the slip is generated and supplied to the torque adjusting device in such a way that 
the instantaneous slip is equal to a predefined setpoint slip. 

[0011] In an embodiment of the method, an instantaneous engine torque desired by the driver 
is determined from the position of the accelerator pedal and the instantaneous operating state of 
the engine, and this desired torque as a control variable for the clutch regulates the slip in such a 
way that the transmissible clutch torque is adjusted to the desired torque and modulated 
accordingly. 

[0012] The control variable for the transmissible modulated clutch torque is advantageously 
filtered from sudden torque changes, low-frequency vibrations, and small changes in the desired 
torque which are unintended by the driver. This is accomplished in such a way that the rotational 
speeds for computing the slip and the torques are time-averaged values, so that very short-term 
changes in the rotational speeds and the torques are filtered out, i.e., smoothed by time- 
averaging. 

[0013] In a refinement of the present invention, the instantaneous engine torque is regulated in 
such a way that a slip corresponding to the instantaneous operating state of the engine is set at 
the clutch, and this slip is kept constant. 

[0014] The advantage of the present invention is essentially that the slip speed is adjustable at 
a constant transmissible clutch torque or at a clutch torque that changes at a constant rate without 
the driver sensing a modified drive torque. The adjusting device for the engine torque may be a 
controllable, automatically actuatable throttle valve or an ignition device for the engine. An 
engine equipped with such devices is referred to as electrically controllable for the purposes of 
the present invention. 

[0015] An instantaneous torque desired by the driver can be determined from the accelerator 
pedal position and the instantaneous operating state of the engine such as the position of the 
throttle valve and the engine speed; this may also be accomplished via stored characteristics 
maps. In general, this torque is computed on-line in the engine controller anyway for controlling 
the engine. This torque is predefined for the controller as the setpoint torque signal. If the slip 
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regulation according to the present invention is active, the transmissible clutch torque is adjusted 
to the torque desired by the driver and modulated accordingly. This adjustment of the clutch 
torque may, as mentioned previously, also be suitably filtered to suppress sudden torque changes, 
low-frequency vibrations, or small changes in the desired torque which are presumably 
unintended by the driver. For this purpose, values of the rotational speeds time-averaged in a 
known manner are used for computing the slip and for modulating the torques. At the same 
time, the engine torque is adjusted, for example, using a regulator which suitably modifies the 
position of the throttle valve and/or via a change in the ignition angle, in such a way that the slip 
which is required in this operating state and is optionally stored in the control electronics in 
tabular form, is adjusted and kept constant. As long as the fluctuations in the engine speed 
remain sufficiently small, so that the driver does not notice them, the actual engine torque may 
be modulated in a particularly advantageous embodiment for minimum exhaust gas emission. 
Thus, for example, a very rapid intervention in the internal combustion engine usually requires 
adjustment of the ignition timing, which may result in deteriorated exhaust conditions. If small 
fluctuations in the slip speed are acceptable, the intervention via the (slower) throttle valve may 
be implemented to optimize exhaust gas emissions. This value may be determined in 
preliminary tests and stored in the control electronics, together with its relationship with other 
parameters, in a tabular form. In another preferred procedure the transmissible clutch torque is 
regulated to a value below the torque desired by the driver. The difference between the torques 
may then be achieved via a fixed amount, for example, 10 Nm or a factor less than 1, for 
example, 0.93 to 0.96, in particular 0.95 by which the torque desired by the driver is multiplied 
to obtain the value to which the reduced clutch torque is to be adjusted. The value thus reduced 
is then supplied to the controller as the torque setpoint signal. The advantage of this procedure is 
that the controller does not need to increase the engine torque above the torque desired by the 
driver, but only a torque reduction is performed. Due to the torque reduction, no special safety 
measure is required for the intervention in the engine controller, because there is no risk of 
excessive engine speed or excessive engine torque. The torque setpoint signal may also be 
reduced below the torque desired by the driver by intervening in the ignition angle. Adjustment 
of the ignition angle usually results in a lower engine torque; therefore, vice- versa, the engine 
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torque may also be increased again by correcting the ignition angle. The advantage of this 
procedure is that extremely rapid control of the engine torque and thus of the slip speed is 
possible due to the extremely high dynamics of the ignition angle intervention. However, since 
ignition angle intervention may occasionally result in considerable deterioration of the exhaust 
gas quality, reduction in the engine torque via ignition angle intervention should advantageously 
be limited to short time intervals in which a highly dynamic actuating signal is needed due to the 
driving situation. In a self-igniting engine (diesel engine), it may be furthermore advantageous 
to elevate the torque according to the present invention, which should ideally remain less than 
the torque corresponding to the smoke limit of the engine. Furthermore, the operation of a slip- 
regulated clutch, together with a temporary engine intervention, for example, to increase engine 
torque, may be advantageous, particularly in self-igniting engines. In this case, with a slip- 
regulated clutch having excessively low slip speed and therefore imminent seizing, this situation 
may be circumvented using limited-time quick engine intervention to increase the engine torque. 
This may occur, in particular, in cases where engine intervention and the subsequent change in 
engine torque is quicker than clutch regulation. 

[0016] Regarding electronic regulating or control devices having the appropriate sensors and 
actuators, and the corresponding control or regulating methods in vehicles having automated 
clutches and transmissions, explicit reference is made to DE 40 1 1 850 Al, DE 44 26 260 Al, 
DE 197 45 677 Al, and EP 1 010 606 Al to in this context. These references and U.S. Patent 
Nos. 5,176,234 and 5,632,706 are hereby incorporated-by-reference herein. 

[0017] In the control methods for automatic regulation of the slip of the friction clutch situated 
between the engine and the transmission of the motor vehicle, which has a positioning drive for 
adjusting the clutch, the clutch is adjusted at a position defined by a position setpoint signal. The 
clutch input speed and the clutch output speed are detected using rotational speed sensors, and 
the position setpoint signal is generated as a function of the difference between these rotational 
speeds, known as the slip speed, in such a way that the slip is equal to a predefined setpoint slip. 
The engine is controlled via a controllable adjusting device for the generated torque in such a 
way that the generated torque corresponds to a predefined setpoint torque. In addition to the 
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position setpoint signal or instead of the position setpoint signal, a torque setpoint signal 
dependent on the slip is generated in such a way, and supplied to the torque adjusting device, that 
the instantaneous slip is equal to a predefined setpoint slip. 

[0018] To control the slip, a programmable electronic control unit is usually provided, which 
has inputs connected to means for detecting the engine speed and/or the transmission speed 
and/or the tachometer shaft speed and/or the wheel speed and/or the speed of the intended and/or 
selected gear of the transmission and which has outputs for transmitting control signals to the 
electrically controllable clutch device and the electrically controllable engine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] Fig. 1 shows a flowchart of on embodiment of the method of the present invention. 
[0020] DETAILED DESCRIPTION 

[0021] Fig. 1 shows a method for slip control of a clutch situated between an engine and a 
transmission of a motor vehicle. The clutch is regulated via a differential speed between a clutch 
input speed and a clutch output speed in step 10. Instead of or in addition to the modulated 
clutch torque transmissible by the differential speed as the control variable for the clutch, an 
engine torque is used as the control variable for the clutch as indicated in step 20. 
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